Supplementary methods

Construction of the reference transcriptome
The mRNAseq approach described in the main text was also used to develop a reference transcriptome for a cultivated sunflower line, HA412-HO, which is also the target of genome sequencing efforts 23 . Briefly, one lane of Illumina GAII sequence (2x100 bp) was generated for each of the following four treatment or tissue libraries: leaves of plants exposed to moderate cold (48h at 4°C) or drought (water withheld for circa 48h until wilting) stress, pooled flower heads and leaves, and pooled roots and stems from plants grown under normal conditions.
For construction of the reference transcriptome, sequences from each of the four lanes were cleaned to remove low quality reads and potential contaminating vector sequences with SNOWHITE v.1.1.4 54 and then all data were concatenated and assembled using TRINITY 55 with default parameters.
Following this, the longest transcript of each gene (in case of alternative splice variants) over 400 base pairs long was selected for the final assembly (mean length: 998 base pairs), yielding a reference set of 51,468 contiguous expressed sequences (contigs).
Genetic map
Our core mapping population was derived from two highly homozygous sunflower cultivars: Parental reads were assigned to our draft reference assembly using BWA 41 . Genotypes were called using SAMTOOLS (MPILEUP) 42 . In each individual, genomic contigs were called as descended from one or the other parent based on the presence of at least nine SNPs, with at least 90% called as descended from one or the other parent. There is a trade-off between stringency and marker density and based on preliminary analyses, we found that nine SNPs eliminated mis-scoring while maximizing the number of contigs that could be mapped. An initial set of 4,274 contigs were ordered with MSTMAP 24 .
MSTMAP groups markers based on the minimum sum of recombination events (Hamming distance)
between their segregation patterns and divides them into linkage groups if the sum is significantly different than observed across all markers. Markers on each linkage group are then ordered using a recursive minimum spanning tree algorithm. Kosambi's mapping function 56 was used to calculate the map distance between adjacent pairs of markers ordered by MSTMAP. The remaining contigs that contained segregating SNPs were added to this initial template map by comparing segregation patterns with markers on the template map in both forward and reverse order. Contigs with an exact match to template markers were binned; others were placed in the most likely position between the best forward and reverse match. In all, 261,999 contigs were placed on the map (mean contig length = 2,417 bp, N50 = 3,517 bp).
To validate the new sequence-based map, markers from a previously published 10,800 locus genetic map 53 developed using an Illumina SNP genotyping array were matched (BLASTN 57 ) to the contigs in our new map, and synteny between the two maps was compared. Of 4,727 shared markers, 90.4% are in 17 syntenic blocks as expected and marker ordering is highly conserved ( Supplementary   Fig. S3 ). The roughly 10% of non syntenic hits can be explained by picking the second best BLASTN hit if the true homolog is fragmented into several contigs, or if the sequence is present in multi copy.
Co-expression of neighbouring genes
To test whether neighbouring genes tended to have correlated patterns of expression, we used an approach developed in previous studies of expression correlation 27, 58, 59 . Using only the Helianthus accessions from non-normalized transcriptome libraries (Supplementary Table S1 ), we calculated
Pearson correlations for the transcript read counts for all possible pairwise combinations of genes on each chromosome. We then used a sliding window analysis with a window size of eleven genes (five genes on either side of the focal locus) to calculate the average Pearson correlation coefficient within the window. To evaluate the significance of these measurements, we permuted the order of the genes on chromosomes and repeated the sliding-window analysis, performing 1,000 permutations to generate a null distribution. Any loci with average correlations above the 95 th percentile of the permuted distribution were considered to be significant co-expression clusters. While it is not possible to identify which of these clusters are statistical artefacts, 10.9% of all loci were identified as co-expression clusters, which is substantially higher than the 5% of loci that would be expected given type I error rates (See Supplementary Fig. S7 ).
To test whether the co-expression clusters that we identified tended to occur in the same regions of the chromosomes as the islands of divergence, we used  2 goodness-of-fit tests of the observed rate at which loci co-occur in both co-expression clusters and F ST islands, compared to the expected rate of 
